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Introduction

Molecules and molecular clusters are building blocks of
solid materials, and the development of new materials with
a variety of properties, functions, and applications is an aim
of materials scientists and technologists. The physical prop-
erties of the materials depend on their molecular compo-
nents and the manner in which they are arranged and linked
in the crystalline state. The successful design of new materi-

als with distinctive properties by the crystal-engineering
method[1–5] is based upon detailed understandings of nonco-
valent interactions and optimal arrangement of molecular
components into extended solid-state architectures.[6,7] Ac-
cordingly, before we determine spectral properties of the
material, such as supersusceptibility and two-photon absorp-
tion spectra, we must understand the structure of a single
molecule, as well as the interaction strengths and relative
orientations among the molecules in a material. We are es-
pecially interested in the properties of nonlinear polarizabil-
ity and two-photon absorption, because materials with these
properties have a number of potential applications such as
optical power limitation,[8,9] two-photon laser scanning mi-
croscopy,[10–12] and high-density optical data storage.[13–14] For
a solid constructed by noncovalent interaction among mole-
cules, the spectral properties of the solid state simply arise
from the single-molecule structure and the manner in which
the molecules are packed. Therefore, investigating the opti-
cal properties of molecular clusters is a prerequisite for
studies on the optical properties of materials.

Abstract: The dependence of the opti-
cal properties of [C12H12N4O2AgPF6]2
(dimer-1) and [C28H28N6O3AgPF6]2
(dimer-2) on the arrangement of the
oxime moieties in the molecule and in
bulk crystals was investigated by means
of time-dependent density functional
theory. Dimer-1 with simple pyridine
oxime ligands and a wavy arrangement
has a smaller dipole moment and
larger transition energy between the
two states, and thus smaller third-order
polarizabilities and two-photon absorp-
tion cross sections. Dimer-2 with ex-
tended pyridine oxime ligands and a
ladder arrangement has a larger dipole

moment and smaller transition energy
between the two states, and thus larger
third-order polarizabilities and two-
photon absorption cross sections. The
lowest energy absorption band is red-
shifted for dimer-2 as compared with
dimer-1, due to more pronounced p–p
delocalization interactions and weaker
hydrogen bonding in dimer-2. The elec-
tronic absorption spectra, frequency-
dependent third-order polarizabilities,

and two-photon absorption cross sec-
tions involve significant contributions
from charge transfers from p/p* orbi-
tals of the pyridine oxime ligands but
no contribution from PF6

� ions or H2O
molecules in the wavelength range
studied for the monomers and dimers
of the C12H12N4O2AgPF6 and
C28H28N6O3AgPF6 molecules. The
third-order susceptibilities and two-
photon absorption coefficients of bulk
solids were estimated on the basis of
the optical properties of the corre-
sponding dimers, and the bulk material
constructed from dimer-2 has the
larger optical parameters of the two.
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A good example of crystal engineering for predesigned
materials properties is the use of an intermolecular connec-
tor that can generate infinite architectures through comple-
mentary hydrogen bonding of oxime groups in a dimeric
R2

2(6) motif.[15,16] Simple and extended pyridine oxime li-
gands were employed in the design of silver(I)-containing
hydrogen-bonded networks in which the geometry encoded
in the coordination complex is propagated into low-dimen-
sional architectures through intermolecular oxime–oxime
hydrogen bonds, and supramolecular interaction based on
oxime–oxime interaction is not substantially disrupted de-
spite extensive ligand modifications.[17,18] These hydrogen-
bonded molecular clusters give us the opportunity to study
the influences of hydrogen-bonding interactions, single-mol-
ecule size, and the relative arrangements of molecules on
the optical spectra of molecular clusters. Furthermore, opti-
cal properties of the bulk materials are determined by those
of the molecular clusters. It is thus possible to design molec-
ular-cluster-based bulk materials with a given optical proper-
ty when the origin of the optical properties of hydrogen-
bonded molecular cluster has been elucidated.

Computational Methods

The single-point calculations of ground-state wave functions and energies
were based on DFT with the B3LYP hybrid functional including ex-
change-correlation interactions[19] and 6-31* basis set, and the natures of
electronic excited states were computed by using time-dependent DFT
(TDDFT) at the B3LYP/3-21G* level[20–22] with the Gaussian03 program
suite[23] for the monomers and dimers of C12H12N4O2AgPF6 and
C28H28N6O3AgPF6. The effects of basis sets on calculations of NLO polar-
izability by using ab initio or DFT calculations combined with finite-field
methods were taken into account in previous work.[24,25] In the SOS cal-
culations of NLO polarizability, influence of basis sets has also been dis-
cussed.[26] Here, we selected the 3-21G* basis set for the excited states
and SOS calculations, considering the balance between accuracy and
available resources, to make systematic comparisons between the large
[C12H12N4O2AgPF6]2 and [C28H28N6O3AgPF6]2 systems. The binding ener-
gies or hydrogen-bond energies between the monomers were obtained in
terms of the calculated single-point energies of monomers and dimers. In
the TDB3LYP/3-21* excited-state calculations, the molecular orbitals for
correlation ranged from orbital 48 to 298 (95 to 596) for the monomer
(dimer) of C12H12N4O2AgPF6, and from orbital 67 to 501 (133 to 1002)
for the monomer (dimer) of C28H28N6O3AgPF6. Iterations of excited
states were continued until the changes in energies of states were no
more than 10�7 a.u. between iterations, and convergences of 60 excitation
states were obtained in the calculations. The third-order polarizabilities
for three optical processes were calculated by sum-over-states (SOS) per-
turbation theory,[27–30] and the inputs of the SOS method were the results
calculated by the TDB3LYP/3-21G* method. The frequency dependence
of two-photon absorption (TPA) cross sections were obtained by using
their relationship with the imaginary part of the third-order polarizability
in the degenerate four-wave mixing optical process.[31–33] The geometries
used in our calculations were taken from X-ray crystallographic data.[17,18]

Cartesian coordinates of the monomers and dimers of C12H12N4O2AgPF6

and C28H28N6O3AgPF6 molecules are listed in Tables S1–S4 in the Sup-
porting Information, and frontier molecular orbitals involved in charge-
transfer processes are depicted in Figures S1–S3 in the Supporting Infor-
mation.

Results and Discussion

Supramolecular interactions of dimers : Figure 1a and b
show the configurations of [C12H12N4O2AgPF6]2 (dimer-1)

and [C28H28N6O3AgPF6]2 (dimer-2), respectively.[17, 18] The
two oxime moieties (�C(R)=NOH) of monomeric
C12H12N4O2AgPF6 (monomer-1) exist in a cis orientation,
and this configuration results in the wavy arrangement in
the self-complementary oxime–oxime hydrogen-bonded
dimer-1. In contrast, dimer-2 has a ladder arrangement re-
sulting from the trans arrangement of the terminal oxime
moieties in monomeric C28H28N6O3AgPF6 (monomer-2). The
cis and trans orientations of the two oxime moieties in the
monomer result in different dipole interactions between the
monomers in the dimers. For dimer-1, dipole interactions
between the monomers cancel each other and bring about a
decrease in dipole moment. For dimer-2, enhancement of
dipole interactions between the monomers increases the
dipole moment. These considerations are corroborated by
the calculated dipole moments of monomers and dimers at
the B3LYP/6-31* level (Table 1). The dipole moment of

dimer-1 is about zero, and that of dimer-2 is about twice
that of monomer-2. Furthermore, the relative strengths of
supramolecular interaction of the hydrogen-bonded dimers
can be assessed in terms of electronic binding energies Eb

computed for dimers formed by complementary oxime–
oxime hydrogen bonding. We define Eb as the difference in
SCF energies of dimer and monomers (Eb=Edimer�2Emono)
and hydrogen-bond energy (Ehb=

1=2 Eb). Here the binding
energy Eb is the contributions from all types of intermolecu-
lar interaction energies within the B3LYP model, such as

Figure 1. Structures of a) dimer-1 and b) dimer-2.

Table 1. Calculated (B3LYP/6-31*) binding energies, dipole moments,
and hydrogen-bond energies of dimers 1 and 2.

Dimer Eb

[eV]
m

[D]
O�H···N
[L]

O�H···N
[8]

Ehb

[kcalmol�1]

1 �0.8357 0.007
ACHTUNGTRENNUNG(6.381[a])

2.816,
2.816

151.0,
151.0

�9.636

2 �0.7416 27.373
ACHTUNGTRENNUNG(13.673[a])

2.748,
2.731

160.1,
148.4

�8.551

[a] Dipole moment of monomer.
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charge transfer, electron correlation and exchange, and elec-
trostatic interaction energies. Table 1 lists the calculated O�
H···N bond energies and hydrogen bond distances and
angles. The oxime–oxime O�H···N bond energies are
�9.636 and �8.551 kcalmol�1 for dimers-1 and -2, respec-
tively, that is, they are very close. These findings show that
the oxime–oxime supramolecular interaction is not substan-
tially disrupted despite the enhanced dipole moment and ex-
tensive ligand modifications that increase the aromatic con-
tent in dimer-2.

Electronic absorption spectra : Before discussing the absorp-
tion spectra of dimers-1 and -2, we need to know the nature
of the excited states of the hydrogen-bonded dimers. Ac-
cordingly, the transition energies, transition moments, and
oscillator strengths of 60 excited states were calculated at
the TDB3LYP/3-21G* level for the dimers and their corre-
sponding monomers. Table 2 lists the calculated transition
dipole moments in the x, y, and z directions for the ground
and important excited states. The electric dipole transition is
allowed in the x and y directions, and the transition mo-
ments perpendicular to the molecular plane (z direction)
are near to zero. These calculated results describe the
charge-transfer behavior in the molecular plane. Figure 2
shows the relationships between oscillator strength and ab-
sorption wavelength for 60 excited states. Two facts can be

Table 2. Calculated transition energies, moments, and oscillator strengths
of important excited states.

State E [eV] Dipole moment [D] Oscillator
x y z strength

dimer-1
S1 4.1211 1.3770 �0.9642 0.0913 0.0443
S2 4.1307 0.0107 �0.0079 0.0008 0.0000
S5 4.3055 2.7232 �2.7273 0.4858 0.2463
S15 4.4217 �0.2913 �2.5654 �0.2893 0.1132
S45 4.8479 4.3697 �1.5511 0.1093 0.3954
S47 4.9205 4.4396 �1.2179 0.1431 0.3958
monomer-1
S1 4.3421 0.0140 0.6302 0.0003 0.0065
S2 4.3431 �0.6932 �0.0419 0.3884 0.0104
S4 4.3450 0.0170 �2.4093 �0.0137 0.0956
S16 5.0201 �3.6645 �0.0015 0.2534 0.2568
S21 5.0639 0.0048 �3.0956 0.0000 0.1840
S44 5.7895 �2.8618 0.0003 0.0366 0.1798
dimer-2
S1 2.5864 0.0379 �0.0353 �0.0056 0.0000
S18 3.0162 5.3321 0.4698 0.0562 0.7076
S27 3.2092 �4.8608 �0.9482 0.0125 0.2984
S30 3.2475 �3.5916 �0.5148 0.0107 0.1621
S43 3.7380 �2.0293 �0.0353 0.2191 0.0591
S46 3.8235 �2.2118 �0.2125 �0.3432 0.0737
monomer-2
S1 2.6544 �0.0275 0.0412 0.0043 0.0000
S7 3.0437 7.3749 �0.0056 0.1482 0.6279
S8 3.1350 �3.4470 �0.2384 �0.0086 0.1419
S9 3.2387 �3.8028 �0.2384 �0.0168 0.1783
S47 4.5534 �6.9890 �0.2468 0.0346 0.8444
S48 4.5989 �2.5560 �0.1365 �0.0641 0.1143

Figure 2. Electronic absorption peaks calculated at the TDB3LYP/3-21* level.
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found from the plots in Figure 2. First, the absorption band
at lowest energy is red-shifted for dimer-2 compared to
dimer-1. This is because elongated (pyridylmethylene) ami-
noacetophenone oxime ligands lead to a significant increase
in p/p delocalization interactions in dimer-2 and the hydro-
gen-bonding interactions are weaker in dimer-2 than in
dimer-1. Second, the lowest energy absorption is red-shifted
for each dimer as compared with the corresponding mono-
mer. This results from the supramolecular interaction be-
tween the monomers, which decreases the excitation ener-
gies of the dimers.

Now, we assign the absorption bands. For dimer-1, the
three strong absorption peaks corresponding to excited
states S5, S45, and S47 are mostly contributions from charge
transfer from the hydrogen-bond donor of the oxime group
to pyridine ring acceptors. For example, S5 of dimer-1 is
mostly constructed from the configuration of (HOMO�3!
LUMO+1), where the HOMO�3 is formed by the same-
phase orbitals between oxime–oxime and p-bonding orbitals
of pyridine, and the LUMO+1 is formed by the different-
phase orbitals between the oxime–oxime and p-antibonding
orbitals, as shown in Figure 3a and b. For dimer-2, the three
strong absorption peaks corresponding to states S18, S27,
and S30 are mostly contributions from charge transfer from
one monomer to the other. For instance, S18 of dimer-2 is

mainly constructed from the configuration (HOMO�8!
LUMO), where HOMO�8 is formed by the neighboring
ring orbitals of two monomers, and LUMO is formed by
only one monomer orbital. Figure 3c d show plots of these
two orbitals of dimer-2. From the above analysis, we can
conclude that the electronic absorption at low energy signifi-
cantly arises from charge transfers from p–p* orbitals of
pyridine oxime ligands, and there is no contribution from
PF6

� ions and H2O molecules in dimers.

Third-order polarizability spectra : Frequency-dependent
third-order polarizabilities in the ground state were calculat-
ed for three optical processes—third-harmonic generation
(THG), electric field-induced second-harmonic generation
(EFISHG), and degenerate four-wave mixing
(DFWM)[27,28]—and plotted in Figure 4. In the static case
when the input photon energy is zero, the values of all three
processes are the same for each monomer and each dimer.
Furthermore, in the dynamic case when the input energy is
0.80 eV, the THG process has a large preresonant character
and the DFWM process has a small variation in the studied
frequency region. By comparison of Figure 4a and b, we
find that the third-order polarizabilities of monomer-2 are
larger than those of monomer-1 by about one magnitude.
The reasons are: 1) the trans arrangement of two oxime
moieties in monomer-2 has a lower symmetry than the cis
arrangement in monomer-1, and this leads to larger dipole
moments and transition moments of monomer-2; 2) ex-
tended p-electron delocalization results in small transition
energies from ground to excited states for monomer-2. This
is also evident from the transition moments and energies
listed in Table 2. In the context of SOS, third-order polariza-
bility is direct proportional to transition moment and inver-
sely proportional to transition energy. Accordingly, larger
third-order polarizabilities of monomer-2 originate from the
two aforementioned factors.

The third-order polarizabilities of dimer-1 are about one-
half those of the corresponding monomer; however, the
third-order polarizabilities of dimer-2 are larger than those
of the corresponding monomer by about one order of mag-
nitude. Accordingly, the third-order polarizabilities of
dimer-2 are about two orders of magnitude larger than
those of dimer-1. Although the binding energies of two
monomers or oxime–oxime hydrogen-bonding energies in-
fluence the third-order polarizabilities of the two dimers
(generally, a stronger supramolecular interaction means a
smaller polarizability[26]), much greater differences between
the third-order polarizabilities of the two dimers arise from
the arrangements of the two oxime moieties of the mono-
mer and the manner of oxime–oxime connection between
the two monomers. In dimer-1, the up-down wavy connec-
tion of the monomers through the oxime moieties originates
from the cis arrangement of the two oxime moieties of the
monomer, in which the oxime groups at the two terminals
of monomer are both down or both up. As mentioned
above, this arrangement of dimer-1 results in smaller dipole
moments. This is the reason why dimer-1 has smaller third-Figure 3. Calculated molecular orbital surface in the ground state.
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order polarizabilities. In dimer-2, the head-to-tail connection
of the monomers through the oxime moieties arises from
the trans arrangement of the two oxime moieties of the mo-
nomer, in which one oxime group at one terminal of mono-
mer is up and the other at the other terminal is down (as
shown in Figure 1). This arrangement results in the ladder
configuration of dimer-2 and results in a large dipole
moment. This is the reason why dimer-2 has larger third-
order polarizabilities.

Now we investigate the relationship between the third-
order polarizability and state natures, and determine which
states have the larger contributions to the third-order polar-
izability. Figure 5 shows the plots of the calculated third-
order polarizabilities gv, which are the largest components
contributing to average polarizability hg ACHTUNGTRENNUNG(3w)i in the THG
optical process for dimer-1 and dimer-2. Convergences
toward stabilization are found after summation over about
25 and 48 states for dimer-1 and dimer-2, respectively. For
example, the obtained value of gv ACHTUNGTRENNUNG(3w) after summation over
20 states is about 90% of gvACHTUNGTRENNUNG(3w) after summation over 60
states for dimer-1. Furthermore, it is found from Figure 5
that states S8 and S15 have contributions of 25 and 28% to
the gv ACHTUNGTRENNUNG(3w) value for dimer-1, and states S18 and S23 have
contributions of 40 and 36% to the gvACHTUNGTRENNUNG(3w) value for dimer-

2.[34] States S8 and S15 are mostly constructed by the config-
urations of 0.3434(MO241!MO245)+0.3053(MO242!MO245),
and 0.3647(MO243!MO247)+0.3679(MO243!MO248), re-
spectively. Figure S1 in the Supporting Information gives
plots of these molecular orbitals, and shows the charge
transfers from bonding to antibonding orbitals of pyridine
oxime ligands in dimer-1. States S18 and S23 of dimer-2 are
mostly constructed by the configurations of 0.5401(MO370!
MO379) and 0.6488(MO372!MO379), respectively. Figure S2
in the Supporting Information shows that the occupied orbi-
tal (HOMO�8=MO370) has the most contributions from
the neighboring pyridine oxime ligand group orbitals be-
tween the two monomers, and MO372 (HOMO�6) has con-
tributions from the pyridine oxime ligand orbitals of one
half of a monomer. These plots tell us that the charge trans-
fers take place between the two monomers or within one
monomer. By comparison of Figures S1 and S2 in the Sup-
porting Information, we find that the orbital charge distribu-
tions are highly symmetric in dimer-1 and lay particular
stress on the monomer in dimer-2. These findings again pro-
vide evidence that dimer-1 has a smaller dipole moment
which results in smaller third-order polarizabilities, while
dimer-2 has a larger dipole moment that results in larger
third-order polarizabilities.

Figure 4. Dynamic third-order polarizabilities calculated at the SOS//TDB3LYP/3-21* level.
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Two-photon absorption cross sections : The calculated wave-
length-dependent TPA cross sections hd(w)i (average of the
d(w) values) of the investigated monomers and dimers are
plotted in Figure 6. The largest average resonant TPA values
hdi of dimer-2 and monomer-2 are red-shifted compared
with dimer-1 and monomer-1. The largest hdi values of
dimer-1 and monomer-1 are located at about 510 and

490 nm, and those of the dimer-2 and monomer-2 at about
780 and 790 nm, respectively. Dimer-2 has the largest TPA
hdi value of 4.63Q10�48 cm4sphoton�1 among the investigat-
ed species.

Furthermore, in our search for the origin of the large
TPA cross sections d(w) of the dimers and monomers, we
found that the d(w) value only depends on the imaginary

Figure 5. Plots of third-order polarizability in the THG process versus number of states, based on results calculated at the SOS//TDB3LYP/3-21* level.

Figure 6. Wavelength-dependent two-photon absorption cross section hd(w)> calculated at the SOS//TDB3LYP/3-21* level.
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part of third-order polarizability Img(�w;w,w,�w), while the
values of refractive indexes and local-field factors are ap-
proximated as 1 for vacuum.[31–33] Accordingly, the two-
photon states contributing to Img(�w;w,w,�w) also make
contributions to the resonant TPA d(w). Figure 7 presents
the plots of Img(�w;w,w,�w) values (related to the TPA
cross section of d) versus two-photon states at the character-
istic wavelength (resonant wavelength). It can be seen from
Figure 7 that the resonant TPA cross sections of the investi-
gated species all have contributions from one two-photon
state. For dimer-1, one electron is promoted from the
ground state to state 46 by absorbing two-photon energy,
and the transition energy (4.8793 eV) from the ground state
to state 46 is equal to the two-photon energy (2Q
2.4396 eV), which results in two-photon resonance absorp-
tion at a wavelength of 510 nm (2.430 eV), as shown in Fig-
ure 6b. The two-photon state 46 has the greatest contribu-
tion from the configurations of 0.5271(MO242!
MO250)�0.4395(MO241!MO249). For dimer-2, one electron
is promoted from the ground state to state 24 by absorbing
two-photon energy, and the transition energy (3.1800 eV)
from the ground state to state 24 is equal to the two-photon
energy (2Q1.5900 eV), which results in two-photon reso-
nance absorption at a wavelength of 781 nm (1.588 eV), as
shown in Figure 6d. Two-photon state 24 has the greatest
contribution from the configurations of 0.5048(MO370!
MO380)�0.3817(MO370!MO381). By analysis of the molecu-
lar orbital plots (shown in Figures S1–S3 in the Supporting
Information) involving two-photon absorption, it can be
seen that the occupied molecular orbitals (MO241 and MO242

of dimer-1, MO370 of dimer-2) are mostly composed of bond-
ing p orbitals of pyridine oxime ligands, whereas the virtual
orbitals (MO249 and MO250 of dimer-1, MO380 and MO381 of
dimer-2) are composed of antibonding p orbitals of pyridine
oxime ligands. Obviously, the two-photon absorptions signif-
icantly originate from the electronic transitions from p to p*
orbitals, and have no contribution from PF6

� anions or H2O
molecules in the studied species.

Third-order nonlinear optical properties of bulk materials :
The optical properties of bulk solids can be thought of as
being built up from the corresponding properties of the indi-
vidual molecules or molecular clusters. Accordingly, the
third-order optical susceptibilities c(3) of bulk materials can
be estimated from the average third-order polarizability hgi,
and two-photon absorption coefficients b of bulk materials
from TPA cross sections of dimers. The susceptibility c(3) is
directly related to the average third-order polarizability hgi
by Equation (1)

cð3Þð�wp;w1,w2,w3Þ ¼ Nf ðw1Þf ðw2Þf ðw3Þf ðwpÞhgi ð1Þ

and the local field factor [Eq. (2)],[35]

f ðw1Þ ¼ ½nðwiÞ2 þ 2
=3 ¼ 1=½1�ð4p=3ÞNaðwiÞ
 ð2Þ

where f(wi) is at radiation frequency wi, N is the dimer
number density, and n(wi) and a(wi) are the refractive index
and the polarizability, respectively, and can also be obtained
by the TDDFT-SOS method. Accordingly, the local field
factor f(wi) can be obtained from the calculated first-order
microscopic polarizability and described as the interaction
between a selected dimer and the surrounding molecules in
the bulk. Furthermore, the TPA coefficient b (in units of
cmGW�1) of a bulk material is determined by b=Nd/
hw.[36,37] Here N is again the dimer number density of the
TPA compound (in units of cm�3), d the dimer TPA cross
section of the same compound (in units of cm4s�1photon�1),
and hw is excitation photon energy. Table 3 lists the calculat-
ed third-order susceptibilities of the DFWM process at an
input energy of 1.165 eV and the TPA coefficients at reso-
nant wavelength for the bulk materials of dimer-1 and
dimer-2. It was found that the third-order susceptibilities
and two-photon absorption coefficients of bulk materials are
determined by those of corresponding dimers, and the bulk
material constructed from dimer-2 has larger susceptibilities
and two-photon absorption coefficients.

Figure 7. Plots of Img(�w;w,w,�w) values versus two-photon states at the characteristic wavelength.
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Conclusion

Our DFT study showed that the oxime–oxime O�H···N
bond energies are �9.636 and �8.551 kcalmol�1 for dimer-1
with simple pyridine oxime ligands and dimer-2 with extend-
ed pyridine oxime ligands, respectively, and that supra-
molecular structures based on oxime–oxime interactions are
not substantially disrupted in spite of the enhanced dipole
moment due to the extended pyridine oxime ligands of
dimer-2. The lowest energy absorption band is red-shifted
for dimer-2 compared with dimer-1, and the red shift is due
to the fact that elongated (pyridylmethylene) aminoaceto-
phenone oxime ligands lead to a significant increase in p–p
delocalization interactions in dimer-2, while the hydrogen-
bonding interactions are weaker in dimer-2 than in dimer-1.
Charge transfer from p–p* orbitals of pyridine oxime li-
gands make significant contributions to the electronic ab-
sorption, third-order polarizabilities, and two-photon ab-
sorption cross sections for the monomers and dimers of
C12H12N4O2AgPF6 and C28H28N6O3AgPF6. A cis arrange-
ment of the two oxime moieties in the monomer results in
an up-down wavy mode of connection in dimer-1, and this
configuration results in small dipole moments, third-order
polarizabilities, and two-photon absorption cross sections. A
trans arrangement of the two oxime moieties in the mono-
mer leads to head-to-tail mode of connection in dimer-2,
and the resulting ladder configuration results in large dipole
moments, third-order polarizabilities, and two-photon ab-
sorption cross sections. The optical properties of bulk mate-
rials are determined by those of the corresponding dimers.
Dimer-2 has larger third-order polarizabilities and two-
photon absorption cross sections, and the bulk material con-
structed from dimer-2 also has larger third-order susceptibil-
ities and two-photon absorption coefficients.
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